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(57) A niobium or tantalum powder of the present 
invention comprises aggregates in which primary parti- 
cles of niobium or tantalum are aggregated, and have a 
pore distribution having a peak in the range from 1 to 20 
fim as measured by mercury porosimetry. That is. the 
niobium or tantalum powder of the present Invention 



comprises aggregates having large pores, which con- 
nect with vacancies between the primary particles and 
facilitate the permeation of an electrolyte over the en- 
tirety of the inside of each aggregate. Accordingly, a sol- 
id electrolytic capacitor comprising an anode electrode 
made of the niobium or tantalum powder has high ca- 
pacity and also a low ESR. 
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Description 



Technical Field 



5 [0001 1 The present Invention relates to a niobium or tantalum powder which is suitable for preparing an anode elec- 
trode for a solid electrolytic capacitor, production method thereof, and a solid electrolytic capacitor 
[0002] This application is based on Patent Application No. 2000-165104 filed In Japan, the contents of which are 
incorporated herein by reference. 

10 Background Art 

[0003] Recently, there is demand for an electronic Integrated circuit which can be driven with a low voltage, with high 
frequency, and reduced noise. Therefore, there is also demand for a solid electrolytic capacitor having a low ESR 
(equivalent series resistance), and a low ESL. 

15 [0004] in order to produce an anode electrode which is made of niobium or tantalum and used for a solid electrolytic 
capacitor, a dielectric oxide film Is fomned on a sintered body which Is prepared by pressing aggregates having a size 
in a range from 40 to 100 pm so that about 70% by volume of pores remain which is relative to 100% by volume of 
pores before pressing and sintering. In order to produce these aggregates, first, primary particles of niobium or tantalum 
are heat aggregated by, for example, a method in which potassium fluorides are deoxidized using an oxygen scavenger, 

20 such as magnesium. 

[0005] Recently, In order to increase the capacity of the capacitor, primary particles of niobium or tantalum have been 
made finer 

[0006] When the primary particles becomes finer, pores of a molded product or sintered body made of such primary 
particles becomes finer As a result, an electrolyte solution cannot sufficiently pemieate over the entirety of the inside 
25 of the primary particles, and a problem causes that the ESR cannot be reduced. At the present time, the pore diameter 
of a practical sintered anode electrode which is made of niobium or tantalum and has about 50,000 CV is about 0.4 
pm. In order to increase the capacity and lower the ESR. It is essential to solve the problem of insufficient penneatton 
of an electrolyte solution due to fineness of the pore. 

[0007] Several methods for improving the permeability of an electrolyte solution Into a sintered anode electrode have 
30 been suggested. 

[0008] Forexample, Unexamined Japanese Patent Application, First Publication No. Hei 09-74051 discloses a meth- 
od In which a mixture in which polymers having a string shape are added and mixed to aggregates of tantalum and 
the like is molded and sintered, and thereby micro pores are fonned in the sintered body 

[0009] Unexamined Japanese Patent Applteation, First Publication No. Hei 06-252011 discloses a method in which 
35 in order to shorten paths of pores, a thin sintered body is prepared and then a layer is fomned of plurality of the thin 
sintered bodies. According to the method, it is possible to improve permeability of manganese nitrate into sintered body. 
[0010] In addition, a method has also been suggested in which large pores remain by reducing the pressure applied 
to form a molded product. 

[0011] However, the method disclosed in Unexamined Japanese Patent Application, First Publication No. Hei 
40 09-74051 provides a sintered body having pores between a plurality of aggregates, and cannot provide a sintered body 
in which each aggregate comprises pores. Therefore, pemrieation of an electrolyte into the pores between a plurality 
of aggregates may be Improved; however, permeation of an electrolyte inside of each aggregate is not improved. In 
addition, since cartoon generated from added polymers remains inside of the aggregates, this causes adverse effects 
on the capacitor properties. 

45 [0012] The method disclosed in Unexamined Japanese Patent Application, First Publication No. Hei 06-252011 has 
the problem that a number of required processes increases. 

[0013] In the method in which large pores remain by reducing the pressure applied to fomn a molded product, there 
is a problem that the adhesive strength between an electrode wire and a molded product which are used for an anode 
electrode decreases. 



Disclosure of the Invention 

[0014] Therefore, one object of the present invention is to provide a solid electrolytic capacitor having a high capacity 
and a low ESR by forming large pores in each aggregate of niobium or tantalum comprising a sintered anode electrode 
55 having a high capacity, such as exceeding 50,000 CV, and thereby the pemneability of an electrolyte is improved. 

[0015] A niobium or tantalum powder of the present invention comprises aggregates in which primary particles of 
niobium ortantalum are aggregated, and has a pore distribution having a peak in the range from 1 to 20 ^im as measured 
by mercury porosimetry. 
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[0016] A production method of a niobium or tantalum powder of the present Invention comprises the steps of: adding 
pore fonning material having a thermal decomposition property or a thenmai sublimation property and at least one 
shape selected from particle shape, film shape, foil shape, flake shape, and fiber shape to primary particles of niobium 
or tantalum; and heat treating and thereby removing the pore forming material and forming aggregates. 
5 [001 7] Another production method of a niobium or tantalum powder of the present invention comprises the steps of: 
adding pore fomning material having an acid solubility and at least one shape selected from particle shape, film shape, 
foil shape, flake shape, and fiber shape to primary particles of niobium or tantalum; and heat treating and acid treating 
and thereby removing the pore forming material and forming aggregates. 

10 Brief description of the drawings 

[0018] 

FIG. 1 is a cross-sectional view showing schematically a niobium or tantalum powder of the present Invention. 
15 FIG. 2 is a graph showing schematically a pore distribution as measured by mercury porosimetry of a niobium or 

tantalum powder of the present invention. 

Best Mode for Carrying out the Invention 

20 [001 9] A detailed description of a niobium or tantalum powder according to the present invention will be given below. 
[0020] A niobium or tantalum powder of the present Invention comprises aggregates in which primary particles of 
niobium or tantalum are aggregated. The primary particles of niobium or tantalum are prepared by. for example, de- 
oxidizing niobium compounds or tantalum compounds. 

[0021] The niobium compounds or tantalum compounds used in the present invention are not specifically limited, 
25 but include metallic compounds. Among metallic compounds, potassium fluorides and halogenides are preferable. 
More specifically, potassium fluorides Include KgTaFy, KgNbFy, KaNbFg, and the like. Halogenides include chlorides 
such as niobium pentachlorides, lower niobium chlorides, tantalum pentachlorides, and lower tantalum chlorides; io- 
dides; bromides; and the like. In addition, niobium compounds include fluoroniobates such as potassium fluoroniobates, 
and oxides such as niobium pentaoxides and the like. 
30 [0022] A deoxidizer used to deoxidize niobium compounds or tantalum compounds include alkaline metals and al- 
kaline earth metals such as sodium, magnesium, and calcium; hydrides thereof such as magnesium hydrides, and 
calcium hydrides; deoxidizing gases such as gas containing hydrogen; and the like. 

[0023] The primary particles of niobium or tantalum are generally prepared by deoxidizing the above niobium com- 
pounds or tantalum compounds at BOO-SOCC in molten salts such as a eutectic mixture of KCI-KF, KCI-NaCI. and the 
35 like. 

[0024] The niobium or tantalum powder may contain nitrogen at 50 to 10,000 ppm. When the niobium or tantalum 
powder contains nitrogen at 50 to 1 0,000 ppm, the sinter shrinkage percentage of the niobium or tantalum powder at 
high temperatures decreases. As a result, a capacity of a capacitor provided with an anode electrode made from the 
sintered body increases. In addition, leakage current decreases, and a capacitor having high reliability can be prepared. 

40 [0025] In addition, the niobium or tantalum powder may contain at least one of phosphorus and boron. The content 
of phosphorus and boron is preferably in a range from 1 0 to 500 ppm. When before aggregation of the primary particles 
of niobium or tantalum, phosphorus and/or boron is added and the primary particles of niobium or tantalum are heat 
aggregated in the presence of phosphorus and/or boron, it is possible to prevent the surface area of the niobium or 
tantalum powder from decreasing. 

45 [0026] FIG, 1 is a cross-sectional view showing schematically the niobium or tantalum powder 10 of the present 
invention. 

[0027] The niobium or tantalum powder 10 is a powder comprising aggregates 2 in which the primary particles 1 of 
niobium or tantalum are aggregated. Each aggregate 2 comprises a pore 3. When a pore distribution of the aggregate 
2 is measured by mercury porosimetry, there is a peak in a range from 1 to 20 jim. Also, three aggregates 2 are shown 
50 in FIG. 1. 

[0028] in the aggregate 2 in which the primary particles 1 of niobium or tantalum are aggregated, there are vacancies 
4 between the primary particles 1 . The size of the vacancies 4 measured by mercury porosimetry is generally in a 
range from 0.05 to 2 ^im. The model size of the vacancies 4, namely, the peak in the vacancy distribution exists in a 
range from 0.05 to 0.3 ^im. In contrast, when the pore distribution of the niobium or tantalum powder of the present 
55 invention is measured by mercury porosimetry, a peak in a range from 1 to 20 ^im can be conf imried. This peak is not 
due to the vacancies 4 between the primary particles 1 , and is due to the pores 3 fomned intentionally by the following 
method, for example. Therefore, when the pore distribution of the niobium or tantalum powder of the present invention 
is measured by mercury porosimetry. as shown schematbally in FIG. 2, the peak A due to the vacancies 4 between 
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the primary particles 1 and the peak B due to the pores 3 In the aggregates 2 are confirmed. 

[0029] The particle diameter of the aggregates 2 is generally in a range from about 38 to 250 \im. The average 
particle diameter of the primary particles 1 by the BET method is generally in a range from 80 to 500 nm. 
[0030] The niobium or tantalum powder of the present invention can be produced by the following method. 
5 [0031] To the primary particles of niobium or tantalum which are obtained by deoxidizing the niobium compounds or 
the tantalum compounds, a pore fonnlng material is added. 

[0032] The pore forming material used in the present invention has a thermal decomposition property, a themnal 
sublimation property or an acid solubility. In other words, the pore forming material is decomposed or sublimated by 
heat, or dissolved in acids by acid treatment such as acid cleaning. Therefore, the pore fomriing material Is easily 

10 removed by the subsequent process, such as heat treatment, and acid treatment. When the pore fomriing material is 
removed, the space at which the pore forming material exists becomes a pore. When the pore distribution of the 
obtained powder is measured by mercury porosimetry, It is confirmed that the peak is in a range from 1 to 20 ^im. 
[0033] It Is preferable that the shape of the pore forming material be at least one selected from particle shape, film 
shape, foil shape, flake shape, and fiber shape. In addition, among these pore forming materials, a pore forming material 

15 having a particle shape and a particle size in a range from 2 to 6 ^m, and a pore forming material having a film or foil 
shape, a thickness in a range from 1 to 20 ^im, and a length In a range from 100 jim to 1 cm, are preferable. Furthemnore, 
among the pore fomriing materials having a film or foil shape and a thickness in a range from 1 to 20 pjn, the pore 
fomiing material that is substantial circular and having a diameter of 100 jim or greater is preferable. 
[0034] When a such pore forming material is used, it Is possible to effectively fomn a pore which has an opening at 

20 the surface of the aggregate, or a hole which passes through the aggregate. 

[0035] In order to make the primary particles of niobium or tantalum be secondary particles having a relative large 
size, the powder mixture is heated and thereby heat aggregated. 

[0036] In general, a heat aggregation is performed by heating the powder mixture in a vacuum at 800 to 1 ,400^0, 
for 0.5 to 2 hours. When the pore fomning material having a themnal decomposition property Is used, the pore forming 
25 material is heat decomposed and removed in this heat aggregation process. As a result, the spaces where the pore 
forming material Is present become the pores. 

[0037] Before the heat aggregation, it is preferable to perform a p re-aggregation in which an amount of water such 
that the whole powder is uniformly wet is added while the powder is vibrated. Due to the pre-aggregation, firmer ag- 
gregates can be obtained. If about 1 0 to 500 ppm of phosphorous, boron, and the like are added to water used in the 
30 pre-aggregation, it is possible to prevent a fusion growth of the primary particles and to heat aggregate the primary 
particles while maintaining a large surface area. For example, phosphoric acid, phosphorous ammonium hexafluoride, 
and the like is used for the phosphorous. 

[0038] After that, the powder in a cake state obtained by the heat aggregation is crushed in air or inert gas, then 
deoxidlzer such as magnesium is added and thereby the deoxidizer reacts with oxygen in the powders and oxygen in 

35 the partk:les is removed. 

[0039] The deoxidation is performed for 1 to 3 hours in an inert gas atmosphere, such as argon, at a temperature 
from the melting point to the boiling point of the deoxidlzer. After that, a slow oxidation and stabilization treatment is 
performed by introducing air into the inert gas such as argon during cooling. Then an acid treatment is performed and 
thereby substances remain in the powders such as magnesium, magnesium oxides, and the like, which are generated 

40 due to the deoxidizer are removed. 

[0040] When the pore fomriing material used in the former process has an acid solubility, the pore fonnlng material 
is dissolved in the acid solution and removed in this acid treatment As a result, the spaces where the pore forming 
material is present become the pores. 

[0041] The pore fonnlng material Include polymers having a themial decomposition property or organic materials 
45 having a themnal sublimation property, such as camphor (C^qHiqC), naphthalene (CioHs), benzoic acid (C7HeO), and 
the like. The pore fomning material having an acid solubility includes metals and metal compounds which easily dissoh/e 
in acids, such as magnesium, magnesium hydrides, calcium, calcium hydrides, aluminum, and the like. These pore 
forming materials having an acid solubility function as a deoxidizer as well as a pore fomning material. Therefore, if the 
pore fonnlng material having an acid solubility is used as the pore fomning material, it is not necessary to add again 
50 the deoxidizer at the deoxidizatlon process after the heat aggregation process. In addition, there is no limitation to the 
adding amount of the pore forming material; however, in general, 3% by volume of the pore forming material relative 
to niobium or tantalum is added, and preferably 3 to 20% by volume is added. 

[0042] The niobium or tantalum powder comprising aggregates in which the primary particles of niobium or tantalum 
are aggregated and having a pore distribution peak measured by mercury porosimetry in a range from 1 to 20 ^.m is 
55 produced by the method comprising the above processes. 

[0043] When about 3 to 5% by weight of camphor as a binder, for example, is added to the niobium or tantalum 
powder and press molded, a niobium or tantalum porous molded product is produced, which has a pore ratio of 60% 
by volume or greater; which has pore distribution peaks measured by mercury porosimetry being respectively in a'range 
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from 0.08 to 0.5 ^im and a range from 1 to 20 nm; and which comprise 5% by volume or greater of the pore having a 
size in a range from 1 to 20 ^m relative to the total pore volume. When the pore distribution is measured, the mold 
density is set in a range from 4.5 to 5.0 g/cm^. Since the niobium or tantalum powder according to the present invention 
comprises aggregates each of which has a large pore area, namely, a large pore ratio relative to the total surface area, 
5 the contacting area between a die and the surface of the aggregates in the press molding process decreases. In other 
words, friction between the die and the aggregates decreases. As a result, it is possible to prevent the spaces between 
the aggregates from being reduced and occluded. 

[0044] When the niobium or tantalum porous molded product is heated and sintered at 1 ,000 to 1 ,400'C for about 
0.3 to 1 hour, a niobium or tantalum porous sintered body which comprises 5% by volume or greater of the pore having 
10 a size in a range from 1 to 20 pjm relative to the total pore volume is produced. Moreover, the sinter temperature can 

be adjusted depending on kind of metal, surface area of the powder, and the lil<e. 

[0045] When the niobium or tantalum porous sintered body is used as an anode electrode, before press molding the 
niobium or tantalum powder, a lead wire is embedded in the powder, press molded, and sintered, and thereby the lead 
wire is integrated. After that, when the obtained product is subjected to fonnation and oxidation treatment, for example, 
15 under conditions in which the temperature is in a range from 30 to 90*»C, in an electrolyte solution containing about 
0.1% by weight of phosphoric acid, nitrous acid, or the lil<e, the current density is In a range from 40 to 80 mA/g, the 
voltage gradually increases from 20 to 60 V, the treatment period is 1 to 3 hours, and thereby an porous sintered body 
for an anode electrode is produced. 

[0046] In practice, onto the porous sintered body, an solid electrolyte layer made of manganese dioxide, lead oxide, 
20 conductive polymers, and the like, a graphite layer, and a silver paste layer are fonmed in sequence by well-known 
methods, and after that, a negative temnlnal Is connected to the surface of the layered product by soldering and other 
methods, a resin cover is fonned, and thereby an anode electrode for a solid electrolytic capacitor is produced. 
[0047] The niobium or tantalum powder used for an anode electrode for a solid electrolytic capacitor comprises 
aggregates in which primary particles of niobium or tantalum are aggregated, and has a pore distribution having a peak 
25 In the range from 1 to 20 ^m as measured by mercury porosimetry. That is, each aggregate comprises a large pore. 
The large pore and the vacancies formed between the primary particles are connected. Therefore, when the niobium 
or tantalum powder of the present invention is used for an anode electrode, since an electrolyte permeates easily over 
the entirety of the inside of each aggregate, a solid electrolytic capacitor having a high capacity and a low ESR can 
be produced. 

30 [0048] In addition, the niobium or tantalum powder is produced by the method comprising the steps of : adding pore 
forming material having a thermal decomposition property and at least one selected from particle shape, film shape, 
foil shape, flake shape, and fiber shape to primary particles of niobium or tantalum; and heat treating and thereby 
removing the pore fonning material and forming aggregates. Furthemnore, the niobium or tantalum powder is also 
produced by the method comprising the steps of: adding pore fomnlng material having an acid solubility and at least 

35 one shape selected from particle shape, film shape, foil shape, flake shape, and fiber shape to primary partteles of 
niobium or tantalum; and heat treating and acid treating and thereby removing the pore forming material and forming 
aggregates. The heat treatment and acid treatment of these production methods are the same as those of an ordinary 
production method of aggregates. Therefore, the production method of the present invention does not require a special 
process, and has excellent productivity. 



[0049] Below, the present invention will be further explained referring to examples. 
45 Example 1 

[0050] To a 50 liter reaction vessel. 15 kg of each potassium fluoride and potassium chloride as diluent salts were 
added and the temperature was raised to 850*»C, and thereby the diluent salts were melted. The cycle was repeated 
30 times, which comprise the steps of adding 200 g of tantalum potassium fluorides to the molten diluent salts, after 

50 leaving for 1 minute, adding 58 g of dissoh/ed sodium, and reacting for 2 minutes. 

[0051 ] After deoxidization reaction was completed, the product was cooled, the produced lump was crushed, cleaned 
with an acidulous aqueous solution, and thereby the tantalum powder was obtained. In addition, the tantalum powder 
was purified with a clearing solvent containing hydrogen fluorides and hydrogen peroxide. The yield of the deoxidized 
tantalum powder was 1 .6 kg. 

55 [0052] The produced tantalum powder has the following properties. 
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Example 



BET specific surface area: 1 .8 m^/g 

Average particle diameter of primary particles: 200 nm 
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Apparent average particle diameter: 10 (050%) 

[0053] Next, 35 ml of water was added to 1 00 g of the deoxidized tantalum powder, then subjected to a mill treatment 
using a beads mill (zirconia beads having a diameter of 1 mm), crushed until the average particle diameter was about 
5 2 |jjn, cleaned, filtered, and thereby a wet cake made of tantalum was obtained. After that, 15 ml of an emulsion of 
camphor (concentration: 1 0% by weight, emulsion particle diameter: about 5 \ixn) was added to the wet cake made of 
tantalum, and prepared a slurry. Then the slurry was dried using a spray dryer, and thereby the tantalum powder having 
a particle shape and an average particle diameter of about 60 ^m was obtained. 

[0054] Since the tantalum powder having a particle shape had a weak cohesion, the powder was heated in a vacuum 
10 heating furnace at 1 ,1 OO^C for 1 hour, thereby camphor was removed, and firm aggregates were obtained. 

[0055] Then, magnesium chips were added to the aggregates, and deoxidized In a furnace at BOO'C. After stabili- 
zation treatment (slow oxidation treatment), the obtained powder was taken out from the furnace. 
[0056] When a pore distribution of the powder comprising aggregates was measured by mercury poroslmetry, peaks 
at 0.15 ^m and 2.5 |im were observed. 
15 [0057] After that, a molded product was obtained by pressing the obtained powder such that the mold density was 
5 g/cm^. When a pore distribution of the molded product was measured by mercury poroslmetry, peaks at 0.1 |j.m and 
the vicinity of 2 were observed. The pore ratio thereof was about 70% by volume. The pores, having a pore size in 
a range from 1 to 20 jim occupy 7% by volume relative to the total pore volume. 

20 Example 2 

[0058] The deoxidized tantalum powder was obtained in the same manner as in the Example 1 . 1 00 g of the deox- 
idized tantalum powder was crushed using a beads mill in dehydrated alcohol. After that, 3 g of magnesium hydride 
particles having a diameter of 7 p.m and 20 mg of phosphorous aluminum hexafluorides were added, mixed, dried In 

25 a vacuum drier at SO^'C, and thereby a solid containing no alcohol component was obtained. The added amount of 
magnesium hydrides relative to the deoxidized tantalum powder was about 20% by volume. The obtained solid was 
further heated in a vacuum heating furnace at 800°C for 1 hour and at 1 ,200''C for 0.5 hours. By these process, oxygen 
at the surface of the tantalum powder was removed (deoxidized) and the tantalum powder was heat aggregated. 
[0059] Then, the aggregates were crushed In an inert gas atmosphere and the particle size thereof was adjusted to 

30 about 1 00 nm. After washing with a mixed acid containing nitric acid and hydrogen peroxide, and thereby magnesium 
oxides formed in the previous process and magnesium residue were dissolved and removed. After that, the powder 
was obtained by washing with pure water and dried in a vacuum drier. 

[0060] When a pore distribution of the powder comprising aggregates was measured by mercury poroslmetry, peaks 
at 0.20 pjn and 2.5 ^m were observed. 
35 [0061] After that, a molded product was obtained by pressing the obtained powder such that the mold density was 
4.5 g/cm^. When a pore distribution of the molded product was measured by mercury porosimetry, peaks at 0.1 5 ^tm 
and the vicinity of 1 .5 ^.m were obsen/ed. The pore ratio thereof was about 73% by volume. The pores having a pore 
size In a range from 1 to 20 jim occupy 8% by volume relative to the total pore volume. 

40 Example 3 

[0062] The deoxidized tantalum powder was obtained in the same manner as in the Example 1 . After that, 2 g of 
magnesium metal having a fiber shape and a diameter of about 8 jxm and a length of 1 GO to 300 fim was added to 1 00 
g of the deoxidized tantalum powder, and mixed sufficiently, then a small amount of phosphoric acid solution was 
45 gradually added while vibrating, and thereby a solid in a lump was obtained. The added amount of magnesium metal 
relative to the deoxidized tantalum powder was 14% by volume. The water component required for the deoxidized 
tantalum powder to be a lump was 22 ml, and the content of phosphoric acid relative to the deoxidized tantalum powder 
was 150 ppm. 

[0063] The obtained solid was heated in a vacuum heating furnace to 850°C, the conditions were maintained for 1 
50 hour, and after that, the temperature was raised to 1 ,150**C and the conditions were maintained for 0.5 hours. Then, 
by flowing argon gas into the furnace, the tantalum metal was subjected to an oxidization and stabilization treatment. 
[0064] The solid was taken out from the furnace, crushed roughly in an argon flow by a roll crusher, further crushed 
by a pin-disc mill and a super micron mill, and thereby aggregates having a size of 150 ^.m or less were obtained. The 
obtained powder was washed with a mixed acid containing hydrochloric acid, nitric acid, and hydrogen fluoride, and 
55 thereby magnesium oxides formed In the previous process and magnesium residue were dissolved and removed. After 
that, the powder was washed with pure water and dried. 

[0065] When a pore distribution of the powder comprising aggregates was measured by mercury porosimetry, peaks 
at 0.15 ^m and 2.8 were observed. 
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[0066] After that, a molded product was obtained by pressing the obtained powder such that the mold density was 
5.0 g/cm3. When a pore distribution of the molded product was measured by mercury porosimetry. peaks at 0.2 jim 
and 2.5 |xm were observed. The pore ratio thereof was about 70% by volume. The pores having a pore size in a range 
from 1 to 20 \jurr\ occupy 9% by volume relative to the total pore volume. 

5 

Comparative Example 1 

[0067] Comparative aggregates were produced in a manner identical to that of Example 1 , except that camphor was 
not added. 

10 [0068] When a pore distribution of the powder comprising aggregates was measured by mercury porosimetry, peaks 
at 0.15 urn and 0.95 ^im were observed. 

[0069] After that, a comparative molded product was produced in a manner identical to that of Example 1 . When a 
pore distribution of the molded product was measured by mercury porosimetry, a peak was observed at 0.1 ^.m and a 
very weak peak was observed at the vicinity of 0.8 M.m. The pore ratio thereof was about 70% by volume. The pores 
IS having a pore size in a range from 1 to 20 p.m occupy 1% or less by volume relative to the total pore volume. 

. Comparative Example 2 

[0070] Comparative aggregates were produced in a manner identical to that of Example 2, except that the solid was 
20 obtained by heat aggregating without magnesium hydrides, after that by adding the same amount of magnesium hy- 
drides in the Example 2, and deoxidizatlon treating at BOO^'C for 2 hours. When a pore distribution of the powder 
comprising aggregates was measured by mercury porosimetry, peaks at 0.18 p.m and 0.9 \irr\ were observed. 
[0071] After that, a comparative molded product was produced in a nnanner identical to that of Example 2. When a 
pore distribution of the molded product was measured by mercury porosimetry, a peak was observed at 0.15 urn and 
25 a weak peak was observed at the vicinity of 0.8 ^m. The pore ratio thereof was about 70% by volume. The pores having 
a pore size In a range from 1 to 20 ^un occupy 1% by volume or less relative to the total pore volume. 

Comparative Example 3 

30 [0072] Comparative aggregates were produced in a manner identical to that of Example 3, except that a solid was 
obtained by heat aggregating without magnesium metal in a fiber shape, after that adjusting the particle size to 150 
\im or less, adding 8% by volume of magnesium chips, and deoxidizatlon treating at 850*C for 2 hours. When a pore 
distribution of the powder comprising aggregates was measured by mercury porosimetry, peaks at 0.18 \xxr\ and 0.95 
p.m were observed. 

35 [0073] After that, a comparative molded product was produced in a manner identical to that of Example 3. When a 
pore distribution of the molded product was measured by mercury porosimetry, a sharp peak was observed at 0.1 ^im 
and a very weak peak was observed at the vicinity of 0.8 |xm. 

Example 4 

40 

[0074] A molded product was produced by press molding 15 mg of the mixture in which 3% by weight of camphor 
was added as a binder to the aggregates obtained in the Example 1 , such that the mold density was 5.0 g/cnn^. 
[0075] The sintered body was produced-by sintering the molded product at a temperature such that the sinter density 
was in a range from 6.5 to 5.6 g/cm^ for 20 minutes. 
45 [0076] The sintered body was subjected to formation and oxidation treatment under conditions in that in an electrolyte 
solution containing 0.1% by weight of phosphoric acid at 60°C, the current density was 60 mA/g, the voltage gradually 
increased to 30 V, and the treatment period was 1 20 minutes. 

[0077] In addition, manganese nitrate aqueous solutions having concentrations of 25%, 50%, 62%, and 76% were 
made to penetrate in the sintered body twice per 1 kind of aqueous solution from the aqueous solution having the 
50 lowest concentration, that Is. a total of 8 times. After that, the sintered body was pre-heated in a steam atmosphere at 

105''C for 15 minutes, and baked at 220"C for 15 minutes. 

[0078] The CV value and the ESR of the capacitor pellet thus obtained were measured. Moreover, the conditions 
for measuring the ESR were 100 kHz, 1 .5 VDC, and 0.5 Vrms. The results are shown In Table 1 . 

55 Example 5 

[0079] A capacitor pellet was produced in a manner Identical to that of Example 4, exceptthat the aggregates obtained 
in the Example 2 were used. Then, the properties of the capacitor pellet were measured. The results are shown in 



7 



EP1 291 100 A1 



Table 1. 
Example 6 

5 [0080] A capacitor pellet was produced in a manner identical to that of Example 4, except that the aggregates obtained 
in the Example 3 were used. Then, the properties of the capacitor pellet were measured. The results are shown in 
Table 1 . 

Comparative Example 4 

10 

[0081] A comparative capacitor pellet was produced In a manner Identical to that of Example 4, except that the 
aggregates obtained in the Comparative Example 1 were used. Then, the properties of the capacitor pellet were meas- 
ured. The results are shown in Table 1 . 

15 Comparative Example 5 

[0082] . A comparative capacitor pellet was produced in a manner identical to that of Example 4, except that the 
aggregates obtained in the Comparative Example 2 were used. Then, the properties of the capacitor pellet were meas- 
ured. The results are shown in Table 1 . . • 

20 

Comparative Exsunple 6 

[0083] A comparative capacitor pellet was produced in a manner identical to that of Example 4, except that the 
aggregates obtained in the Comparative Example 3 were used. Then, the properties of the capacitor pellet were meas- 
es ured. The results are shown in Table 1 . 

Comparative Example 7 

[0084] A comparative capacitor pellet was produced in a manner identical to that of Example 4, except that 3% by 
30 weight of methacrylate polymer fiber having a diameter of 1 0 jxm and a length of 30 ^m was added and mixed with the 
aggregates obtained in the Comparative Example 3, and pressed such that the mold density was 5.0 g/cm^. Then, the 
properties of the capacitor pellet were measured. The results are shown in Table 1 . 



Table 1 





CV value (10^ jiF-V/g) 


ESR (n) 


Example 4 


101 


0.59 


Example 5 


.100 


0.55 


Example 6 


99 


0.60 


Comparative Example 4 


95 


0.98 


Comparative Example 5 


93 


0.95 


Comparative Example 6 


91 


0.95 


Comparative Example 7 


90 


0.98 



[0085] It Is Clear from Table 1 that the capacitor pellets produced in the Examples 4 to 6 have a high CV value and 
a low ESR, compared with the capacitor pellets produced in the Comparative Examples 4 to 7. 
[0086] Moreover, the present invention can be applied to any embodiments other than the above Examples as far 
as the change of the constitution is within the scope of the present invention. The present invention is not limited to 
the above embodiments and Examples. In addition, the constitutions of the present invention can be changed as long 
as the change of the constitution is within the scope of the present invention. 

Industrial Applicability 

[0087] As has been described above, the niobium or tantalum powder of the present invention comprises aggregates 
having large pores. In each aggregate, the pore and the vacancies between the primary particles are connected. 
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Therefore, an electrolyte easily penetrates overthe entirety of the Inside of the aggregates. Therefore, a solid electrolytic 
capacitor connprising an anode electrode made of the niobium or tantalum powder has a high capacity and a low ESR. 
tn addition, the production method of the present invention does not require a special process for forming the pores. 
[0088] Therefore, according to the present invention, it Is possible to produce a solid electrolytic capacitor having a 
5 large capacity and a low ESR with a high productivity. 

Claims 

10 1 . A niobium or tantalum powder comprising aggregates in which primary particles of niobium or tantalum are aggre- 
gated, and having a pore distribution having a peak In the range from 1 to 20 \xm as measured by mercury po- 
rosimetfy. 

2. A niobium or tantalum powder according to claim 1, wherein the powder contains nitrogen in a range from 50 to 
15 10,000 ppm. 

3. A niobium or tantalum powder according to claim 1 , wherein the powder contains at least one of phosphorous and 
boron, and a content of each phosphorous and boron is in a range from 10 to 500 ppm. 

20 4. A production method of a niobium or tantalum powder comprising the steps of: 

adding a pore forming material having a themial decomposition property or a thermal sublimation property 
and at least one shape selected from particle shape, film shape, foil shape, flake shape, and fiber shape to 
primary particles of niobium or tantalum; and 
25 heat treating and thereby removing the pore forming material and forming aggregates. 

5. A production method of a niobium or tantalum powder comprising the steps of: 

adding a pore fomning material having an acid solubility and at least one shape selected from particle shape, 
30 film shape, foil shape, flake shape, and fiber shape to primary particles of niobium or tantalum; and 

heat treating and acid treating and thereby removing the pore forming material and forming aggregates. 

6. A production method of a niobium or tantalum powder according to claim 4, wherein the pore fonning material is 
made of at least one selected from the group consisting of magnesium, magnesium hydrides, calcium, calcium 

35 hydrides, and aluminum. 

7. A production method of a niobium or tantalum powder according to claim 5. wherein the pore fomning material Is 
made of at least one, selected from the group consisting of magnesium, magnesium hydrides, calcium, calcium 
hydrides, and aluminum. 

40 

8. A production method of a niobium or tantalum powder according to claim 4, wherein the pore forming material is 
at least one of a polymer and an organic binder. 

9. A production method of a niobium or tantalum powder according to claim 4, wherein the pore fonning material is 
45 at least one of a particle having a diameter in a range from 2 to 6 |xm, a film or foil having a thickness in a range 

from 1 to 20 \im, and a fiber having a diameter in a range from 1 to 20 pjn and a length in a range from 1 00 pm to 1 cm. 

10. A production method of a niobium or tantalum powder according to claim 5, wherein the pore fomning material is 
at least one of a particle having a diameter in a range from 2 to 6 ^im, a film or foil having a thickness in a range 

50 from 1 to 20 \itr\ , and a fiber having a diameter in a range from 1 to 20 |im and a length in a range from 1 00 ^un to 1 cm. 

1 1 . A production method of a niobium or tantalum powder according to claim 4, wherein the adding amount of the pore 
fomning material relative to the niobium or tantalum powder Is 3% by volume or greater, 

55 1 2. A production method of a niobium or tantalum powder according to claim 5. wherein the adding amount of the pore 
fomning material relative to the niobium or tantalum powder is 3% by volume or greater. 

1 3. A niobium or tantalum porous molded product which has a pore ratio of 60% by volume or greater, pore distribution 
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peaks measured by mercury poroslmetry In a range from 0.08 to 0.5 \im, and a range from 1 to 20 p.m, and 
comprises 5% by volume or greater of the pore having a size in a range from 1 to 20 ^ relative to the total pore 
volume. 

s 14. A niobium or tantalum porous sintered body comprising 5% by volume or greater of the pore having a size In a 
range from 1 to 20 ^m relative to the total pore volume. 

15. A solid electrolytic capacitor comprising an anode electrode made of a niobium or tantalum porous sintered ac- 
cording to claim 14. 

10 
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